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ITpoBeneHsl HCHBITaHUS —AIEKTPOPU3NUECKOM CHUCTEMBI HEpaspyIIAOIEro KOHTpOJIsS Ha
JIEUCTBYIOIEM TexHojorudeckoM obopynoBanur ADC. OObEKTOM KOHTPOJIS BbIOpaHBI CBApHbIE
COEIMHEHUS] TEXHOJIOTHYECKOTO TPYyOOIpoBOjAa, Haxondmrecs B MamuHHOM 3aie (M3-1) TO-1.
PesynbrataMu NMpOBEAEHHOTO HCCIIEAOBAHMS ITOATBEPIKIACTCA, YTO OCHOBHOM MeETajll CBAapHBIX
COeMHEHUH HaXOMUTCS B IUIACTUYECKH Ae(OPMHPOBAHHOM COCTOSHMHM. [IpuBoanTcs cpaBHEHHE
pe3ysbTaToB  KOHTPOJS CBAapHBIX COCAWHEHWH METO/JaMHM  CKaHUpPYIOmIeH KOHTAKTHON
MTOTEHIIMOMETPUH ¥ MArHUTHON aHU30TPOITHH.

Knrouesvie cnosa: Meron CkaHUpPYHOIIEW KOHTAKTHOM NOTEHIMOMETPHM, HepaspyllaroIiui
KOHTPOJIb CBAPHBIX COETUHEHUN, METOJ MarHUTHOW aHU30TOPOIUH.
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[lpunuun oOHapy>XKeHUsS CTPYKTYPHOW HEOJHOPOJHOCTH METOJIOM CKAaHUPYIOIIEH
koHTakTHOW moTeHimoMeTpuu (CKII) ocHoBaH Ha perucTpanuu CcKadka pa3HOCTH
JJIEKTPUYECKUX IOTEHIMAJIOB Ha IOBEPXHOCTH KOHTPOJUPYEMOro o0OBEKTa B Ciyyae
U3JIy4EHUsl CTPYKTYPHOM HEOJTHOPOJHOCTHIO BOJTH MEXaHUUECKUX HAINPSKEHUH.

Brimenenue oHeprum  ympyrol  aedopManuu  MPOMCXOAUT TMPU  Pa3IUYHBIX
JUCIOKAllMOHHBIX Mpoleccax, a TakkKe B pe3yibTaTe pa3pblBa CIUJIOIIHOCTH CpPEAbL.
HecrannoHapHblii mnponecc MNEpeCTPOMKH IOJIS YNPYIHMX HAINpsKEHHH IPOUCXOIUT C
KOHEUYHOW CKOpPOCThIO, OJNIM3KOW K CKOPOCTH pPaCHpOCTPAHEHUS MPOJOJIBHOW BOJIHBIL
JlnutenpHOCTh TpoLlecCa M3JIYYEHHMs] BOJH MEXaHMUECKHX HANpsHKEeHUH (OTAeIbHOIO
aKyCTUYECKOTO0 UMIIyJIbCa) M3MEpsAeTcs eAMHUIAMU MHUKPOCEKYHJ, a aMIUIUTy/Ja
MEXaHWYECKUX  CMEUIEHUHM  MOKeT JOCTUraTh  3HAYEHUW  MOpSIKa  HECKOJIbKUX
MUJITUMETPOB [1].

Poct nedexta, 0cOOEHHO B YCIOBHSX, KOTJa €ro pasMepbl NPUOIMKAIOTCS K
KPUTUYECKOMY 3HAUYEHHIO, CONPOBOXKAAETCS yCUIEHUEM HHTEHCUBHOCTH BOJIH MEXAHUYECKUX
HANpsDKEHUH, 4YTO 3HAYUTENbHO YBEJIMYMBAET BEPOSITHOCTh OOHapykeHus Jedekrta
AIEKTPOPUINYECKUM JTATINKOM.

Hampumep, mpu uccnenoBanuu aedopMallMOHHO-YIIPOYHEHHON BOJIb(pamM-peHUeBOi
IIPOBOJIOKH METOJAOM KOHTAKTHOW MOTEHUUOMETPHUH B IPOLECCE CTATUYECKOTO PACTSHKEHUS B
MOMEHT €€ pa3pbIBa ObUI CIBIIIEH JOCTATOYHO I'POMKUNA 3BYK HHU3KOM 4acTOThI. AMIUIUTYAa
CUTHAJla, 3aperucTpUpOBaHHAs JNEKTPOUINYECKUM JIaTYMKOM B MOMEHT pa3pbiBa
IIPOBOJIOKH, JOCTUrajla 3HaYEHHUs JECAThIX €UHULL BOJbTA [2].

OCHOBHBIMHU IPEUMYIIIECTBAMHU METOJI0OB KOHTAKTHON MOTEHIIMOMETPHUH SIBISIFOTCS:
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58 AJJAMEHKOB #u np.

— BO3MOXKHOCTh OOHapy»KE€HHUsl KaK pa3BUBAIOIIUXCSA, TaK M KBa3HMyCTOHYMBBIX BO
BpeMeHHU (He pacTyumux) aedexroB. Peructparust kBa3umycTOMUMBBIX Je(EKTOB MO3BOJSAET
KjJaccu(uIupoBaTh MX MO pa3MepaMm (WIM IO APYTMM KOCBEHHBIM HpH3HaKaM — (opme,
MOJIOKEHUI0, OpHeHTaluu). Peructpanus pasBuBaronmxcsa 1e(EKTOB Aa€T BO3MOXHOCTb UX
OLICHKM [0 CTENEHM ONAcHOCTH (BJIMSHUE Ha OSKCIUIyaTallMOHHYIO HAJEKHOCTh
KOHCTPYKIIUH);

— BBICOKasl CTETIEHb aJlalTallui K YCJIOBUSIM 3KCILTyaTalllu, 4YTO OTBEYAET TPEOOBaHUSAM
(YHKIMOHAIBHOM JTUarHocTuku. JIuHelHble pa3Mmepsl npeoOpas3oBaTeneil MOryT ObITh
JIOCTaTOYHO MaJbIMM, MEHE€ OJHOT0 MWJUIMMETpa B JHaMeTpe, I0ITOMYy Tpedyercs
HE3HAYUTENbHbIM (Qu3nueckuii oOveM mand ux pasmemeHus. CpeacTtBa KOHTaKTHOM
HNOTEHLIMOMETPUHN HCTONB3YIOTCS B 3KCTPEMAJIbHBIX YCIOBHAX 3KCIUIyaTalluH, B TOM YHCIIE B
aKTUBHOM 30HE siiepHOro peakropa [3, ctp. 80-85; 41];

— BBICOKast IIPOU3BOIUTEIBHOCTD, paBHas, a UHOTJa IIPEBOCXOIAIIAs
IPOU3BOAUTENBHOCTh IPYTHX METOJJ0B HEpa3pyaroIero KOHTPOIs;

— BBICOKOE€  COOTHOLIEHHE  «3(PQPEKTUBHOCTb-CTOUMOCTH».  [Ipm  umerommxcs
TEXHMYECKUX  BO3MOXXHOCTSIX  CTOMMOCTb  H3MEPUTENbHBIX  CPEICTB  KOHTAKTHOMN
HOTEHIIMOMETPUH, IPUMEPHO, B ABA-TPU pa3a HUXKe, yeM A MeToZoB Y3K u akyctuueckoi
sMHccHU. JlaTYNKU KOHTAaKTHON NMOTEHLMOMETPUM HE3aBUCUMBI OT HCTOYHUKOB MPOBOJIHOTO
3JIEKTPOIUTAHUS.

Llesb paGoThI: UCHBITAHUA IEKTPOYUZNUECKON CHCTEMBl HEPa3pyLIAIOIIEro KOHTPOJIS
Ha JICHCTBYIOUIEM TEXHOJIOTMYEeCKOM obOopynoBanun ADC U ModydyeHue MepBhIX
9KCIIEPUMEHTANIBHBIX PE3YJIbTATOB.

METOAUKA SKCITEPUMEHTAJIBHOI'O UCCJIEAOBAHNA CBAPHbBIX
COEAMHEHNU TPYBOITPOBOJA BTOPOI'O KOHTYPA

IloaroroBka cBapHbIX COCAMHEHH /151 H3MEPEHUH

UccnenoBanue cBapHbix coenuHeHuit metogoMm CKII mpoBomunocs B TypOMHHOM
otnenenun (TO-1) mepBoro snepro6sioka (3b-1) Poctosckoit atomuoit cranunu (PoADC).

OOBbEeKTOM  JIUAarHOCTUpPOBAaHUS ObUIM  BbIOpaHbl cBapHble coenuHeHus (CC)
TEXHOJIOTHYECKOTO TpyOOmpoBOJa, Haxojsmmecs B MamuHHOM 3aine (M3-1) TO-1.
IlepconanoMm otaena JAeGEKTOCKONMMM MeTalja M TEXHOJOIMYECKOro KOHTPOJIs ObulM
IIPEJOCTaBIEHbl CBApHBIE COCJAMHEHMS, OJHO M3 KOTOPBIX OBUIO BBIIOJIHEHO 3aBOJIOM-
usroroButenem tpybornposoga (CC 1; Haxopseecs Ha KOHJEHCATOIPOBOJE OTOOpPOB U3
LWIMHPA HU3KOTO JaBJIEHMs), BTOPOE ObUIO BBIIOJHEHO crnenuaauctoM o ceapke (CC 2;
HaxoJsmieecs Ha TpyOONpoBojAe IOAAuM JOpeHaXka U3 IOAOrpeBaTes HU3KOIO JaBJICHUS
(ITHA-3) B TpakT OCHOBHOT'O KOHJCHCATA).

Ilepen mpoBeneHMeM H3MEPEHUI CBapHbIE COCAUHEHHUS] OBUIM  OTKPBITBI OT
TEIUIOM30JISIUHN, CBapHble IIBHI OBUIM OYHINEHB OT JIAKOKPACOYHBIX MAaTepUajoB U
KOPPOAMPYIOIIEH COCTaBIAIONICH 10 MeTautnueckoro 6mecka (puc. 1). J[Ba BEIOpaHHBIX 1S
OTIBITHO-IKCIIEPUMEHTAJIBFHOTO HCCIIEIOBAHUSl CBApHBIX COCAMHEHHS] OBUIM MOATOTOBJIEHBI
JUIsl CKAHUPYIOLEH KOHTAaKTHOU noTeHunoMeTpuu. C nByx ctopoH, st CC 1 u ¢ ogHON 11
CC_2, no okpy>kHOCTH TpyObI ObUIH 3aKpeIIEHbl OyMa)XkKHbIE II0JIOCHI (pa3MeTKa) IUPUHON 2
CM C HaHECEHHBIMU JeJieHUsAMU M LeHoW neneHus 2 MM. Illar usmepenmit g CC 1
coctasysna 2 MM, it CC_2 — 5 mm. upuna CC 1 cocrasisu 1,5 em, CC 2 — 1 cm. Ilo
JUIMHE OKPY’>KHOCTU IIMPHUHA IIBa MOTJa OTIMYAThCS OT YKa3aHHBIX 3HAUCHHH Ha 2-5 MM.
Huametpsl TpyOompoBoaoB: KoHaeHcaTonpoBox oToopo wu3 I[HJ Dy=500-600mmM,
TpyOomnpoBoa nmogauu apeHaxa u3 [IH/I-3 B TpakT ocHOoBHOTO KOHAeHCaTa Dy=300MM.
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UCCJIEJIOBAHUE CBAPHBIX COEVHEHUI TPYBOIIPOBOJIA 59

Pucynok 1 — IToBepxHocTh cBapHoro coeaunenus CC_1 nepen npoBeeHneM dIIEKTPO(QU3NUECKUX U3MEPEHUIH
[The surface of the welded joint CC 1 before carrying out electrophysical measurements]

MeToauka u3MepeHnii KOHTAKTHOW Pa3HOCTH MOTEHIUAJIOB

N3mepenuss KOHTAaKTHOW pa3HOCTH TMOTEHIMAIOB OBLUIM  BBIMOJHEHBI PYYHBIM
NOTOYEYHBIM CKaHMPOBAHMEM C IIOMOIIBIO IPOTrpaMMHO-aNNapaTHOIO  KOMIUIEKca
MOOWJIBHOW JUArHOCTUYECKOW CUCTEMBI, pa3MEIICHHOW Ha HOyTOyKe Asus XS554L [5]. Hns
00paboTKH pe3yabTaTOB KOHTPOJISI HCIIONB30BAJICA MPOrpaMMHUPYEMBbIH  aMIUIMTYAHbBII
nuckpumuHaTop (ITA/]) M3MEepHUTENbHBIX CUTHAIOB C PETYIUPYEMOM HIKAI0N aMITUTYIHON
auckpuMmuHanuu B nuanasone 40 ab [6]. Ha3zHaueHwe aucKpUMUHATOpa 3aKIHOYaeTCs B
OTCEUYKE TeX 3HaYCHUM aMIUIUTYbl CUTHAJIA, KOTOPHIE BHIIIE BRIOPAHHOTO 33JIaHHOTO YPOBHS,
YTO TMO3BOJISIET HUCCIENOBaTh pAacHpelleIeHue 3JIEKTPUYECKOro MOTEHLMala Ha pa3HbIX
MacIITa0HBIX YPOBHSX. Y3KOMOJOCHBIH (HUIBTp TMO3BONseT HacTpauBaTh I[IAJl 1o
aMIUIUTY /1€, HAYMHAs C YPOBHS JIE€CATHIX MUKPOBOJIBT, ¢ marom 0,1 MxB, mupokononocHsli —
OT €IMHMUI] U JI0 JIECSATKOB MIJUIMBOJIBT. 3mMepuTenbHas cucrteMa yrpasinsercs OS Windows,
4acToTa TUCKpeTu3auuu usmepenuil cocrasiusier 1 I'n. PyyHoe ckanupoBaHue BBIITOJIHEHO MO
BocbMU jopoxkaM g CC 1 u no msaru goposxkkam st CC_2 npeoGpas3oBarenemM U3 CTaau
X18HIO0T [7]. Ans cBapHoro coeauHenuss CC 2 mist 0qHON M3 U3MEPUTENBHBIX JAOPOKEK
OBUT JIOMOJIHUTEIHPHO HWCIOJIB30BaH IMpeoO0pa3oBaTenb, M3TOTOBJICHHBIN M3 30510Ta. Bpems
Hayajia U3MEPEHUN U BpeMs KOHIa udMepeHuit s kaxaoro CC, BIodIb KaXa0u JTOPOKKH,
npuBoAUTCS B Tabnuuax 1 u 2.

Tabmuua 1 — Bpems Hauana U KOHIA U3MEPEHUH Ul KOKAOW U3 BOCBMU U3MEPHUTEIBHBIX JTOPOXKEK CBAPHOTO
coenunenust CC_1 [Start and end times of measurements for each of the eight measuring tracks of the welded
joint CC 1]

Homep nopoxkn Bpems nzmepenni, ¢
1 1830-1934

2000-2566

2620-3220

3300-3900

3950-4660

4800-5400

5500-6110

6150-6755

X0 (Q || [ |WIN

Tabnuna 2 — Bpems Havyana W KOHLA W3MEPEHHH IS KOKIOW U3 MATH M3MEPUTEIBHBIX NOPOXKEK CBApHOTO
coenuaenust CC 2 [Start and end times of measurements for each of the five measuring tracks of the welded
joint CC 2]

Homep nopo:xkku Bpemsi u3mepenuii, ¢
1 650-1190

1270-1710

1800-2242

2300-2742

2820-3264

3430-3872

AN | [WIN
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60 AJTAMEHKOB 1 p.

ITynkr 6 B Tabiuue 2 — mpeoOpas3oBaTenb M3 30JI0Ta (M3MEPEHUsS BBINOJHEHBI 110
rpe6Hto Banuka ycunenus CC_2).
Temnepatypa Bo3nyxa B M3-1 coorBerctBoBazia 11-12°C.

IIpopuiomerpusi MOBEPXHOCTH

Pacnpenenenre BOIHUCTOCTH M LIEPOXOBATOCTU Ha paboyeil MmoBepXHOCTH oOpasla
ONpeAesIA C IOMOLIBIO YHUBEPCAIbHOIO LHU(PPOBOrO HU3MEPUTENs HIEPOXOBATOCTU
nosepxHocTu pupmsl VOGEL. Cpenneapudmerrnueckoe OTKIOHEHUE MPOUIIs HOBEPXHOCTH
R, wu3mepsuin B 15 cnyyaiiHo BeIOpaHHBIX Toukax Ha 6aze 0,25 mm (I'OCT 2789-73) nns
CC_1, u B 9 BeIOpaHHBIX TOUKax Jis cBapHOro coenaunenuss CC_ 2. Pe3ynbpTaThl U3MEpEHUS
IIEPOXOBATOCTH MPUBEIEHBI B Tabnuuax 3 u 4.

Tabnuma 3 — lepoxosarocts CC 1, MM [Roughness CC 1, um]
1 1,42
2 2,17
3 0,91
4 2,09
5 0,47
6 0,55
7 0,69
8 0,18
9 0,15
10 0,13
11 0,18
12 0,20
13 0,21
14 0,17
15 0,24

Tabnunua 4 — llepoxorarocts CC 2, MM [Roughness CC 1, um]
1 2,31

0,08

0,45

0,11

0,15

0,22

0,12

0,10

0,13

O |0 |\ ||~ (W (N

PE3VJIbTATHI UCCJIEJJOBAHUS CBAPHbIX COEJJUHEHUN

Crapnoe coequnenue CC 1

Pacnpenenenue CTpyKTYpHBIX HEOJHOPOAHOCTEH (MM MHUKPOCKONMMYECKHX O0OBEMOB
HaNpsHKEHHO-e(OPMHUPOBAHHOIO COCTOSIHUS) B o0beme cBapHoro coeaunenuss CC 1
[IOKa3aHbl Ha PUCYHKaX 3-8 Ha pa3iM4YHbIX YPOBHsX ¢ukcauuu SLS, popmyina (1):

SLS= |lg|Ag|], (1)

rae A — aMIUIUTy]a U3MEPEHHOI'0 CUTHAJA.

Uucno ypoBHel ¢GuKcalMu 3aBUCUT OT YYBCTBUTEIBHOCTH M3MEPHUTEIBHOrO IMpuodopa.
Ecnu 3a Hu3mmii (MUHUMAaNBHBIN) YpOBeHb (pukcanuu B3aTh 3HaueHue «1,000», a 3a BepxHuUit
(MakcuManbHBINA) ypoBeHb — «7,000», TO MOMYyYHUTCS MOPSAAKA O-TH THICSY Pa3THIHBIX
3HaueHuit SLS. Ha mpakTuke UCHONb3yeTcs TOJIBKO HECKOIBKO YPOBHEH (pukcaliu, 00bIYHO B
npenenax AeCsTH.
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C yBenuueHWeM 3HAYEHUS YpPOBHS (UKCAIMK HA MOTEHIHUOTPAMMAX MPOSBISIOTCS
HEOJHOPOJHOCTH, PACcIOJI0KEHHbIE Ha pa3HOU Ti1yOMHe 3ajeraHusl.

Pegnexc — wn3o0OpakeHUe CTPYKTypHOM HEOJHOPOJHOCTH Ha moTeHuuorpamme. Ilo
¢dopme pediexca MOKHO CyIUTh O paclpeleleHud HanpsHkeHUd win aedopMmaiuii BOKpyr
HEOJHOPOJHOCTH, KOTOPHIE OKPAIIMBAIOTCA B pa3jIMYHbIe LIBETa Uiau ToHA. Kaxxnomy nBsery
WM TOHY COOTBETCTBYIOT pa3jM4Hble 3HAUYEHUS HOPMAJIBbHOTO KOHTAKTHOTO HAIPSDKEHUS,
JEHCTBYIOIIEro Ha IUIOIIAKe KOHTAKTa IIpeoOpa3oBaTesist U 00beKTa KOHTPOJIS.

Ha pucynke 2 mnpuBeieHbl HOpUMEpbl HEKOTOPBHIX peQIIeKCOB, OTHOCIIIMXCA K
Pa3IMYHBIM YCIOBHSM UCHBITAHUN U PA3IMYHBIM CTPYKTYpPHBIM HeoHOpoIHOCTAM. Hannuue
YKa3aHHBIX CTPYKTYPHBIX HEOAHOPOJHOCTEH B IPHUBEAEHHBIX OOBEKTaX KOHTPOJS
MOATBEPXACHB U 3adukcupoBaHbl Mertogamu Y3K, panuorpacduum, HeHTpoHOTrpaduu u
Koppensauuu u3oOpaxeHuil. Panee HamMu ObUIM yCTaHOBJIEHBI HEKOTOPbIE 3aKOHOMEPHOCTH,
Kacaromuecs GopMbI U pactpeiesieHus peIeKCOB Ha MOTEHIIMOTPaMMaXx.

Pucynok 2 — IIpumeps! pediiekcoB, OTHOCSIIMXCS K Pa3INYHBIM CTPYKTYPHBIM HEOIHOPOJHOCTSM B
o0pa3iax 13 CTaJii M B CBaPHBIX COEAMHEHUSIX CTAITbHBIX IUIACTHH: @ — peduiekc 00aacT GopMUPOBAHUS
3apo/iblllia MUKPOCKOIIMYECKOH TPEIIMHBI IpH pacTsokenun cranu DU 847 (SLS= 4,699); 6 — none ynpyrux
HaIpsHKEHUI BOKPYT BOJIL(PAMOBOI0 OCKOJIKA M PAIOM PACIIONOKEHHBIH C HUM CBHII B CBAPHOM COCAUHEHUU
(SLS=5,699); 6 — HETIpOBap KOPHS B CBAPHOM COCAMHEHUH JBYX CTANBHBIX iacTuH (SLS=4,301); ¢ — mpomecc
oOpa3oBanue MapTeHcuTa Iipu pacTsokeHnu ctamu 12X18H10T (SLS~5), moka3aHHBINH Ha MTH OTACIBHBIX
MOTEHIIMOTPaMMaXx; 0 — HeOOJBIIOH KYCOK MOJHO/ICHA (B LIGHTPE PUCYHKA), IOMELICHHBINA HA JHO KOHMYECKON
BOPOHKH B CTAILHOM Opyce W 3aBapeHHbIH TaM. BUIHBI Takke pediIeKchl OT IMHUM OCHOBaHHS KOHYCa
(SLS=2,155); e — MOTUOICHOBBII IITHH/IP, TTIOMEIIEHHBIN 110 TOCAIKE C 33a30POM B OTBEPCTHE CTATLHON
TUTaCTUHBI ¥ 3aBapeHHBIN TaM (SLS= 5,238) [Examples of reflections related to various structural
inhomogeneities in steel specimens and in welded joints of steel plates: a — reflex of the area of formation of a
microscopic crack nucleus during tension of EI 847 steel (SLS =4.699); b — the field of elastic stresses around
the tungsten fragment and a hole located next to it in the welded joint (SLS = 5.699); ¢ — lack of root penetration
in the welded joint of two steel plates (SLS =4.301); d — the process of formation of martensite during tension of
steel 12X18H10T (SLS ~ 5), shown in five separate potentiograms; e — a small piece of molybdenum (in the
center of the figure), placed at the bottom of a conical funnel in a steel bar and welded there. Reflexes from the
line of the base of the cone are also visible (SLS = 2.155); e — a molybdenum cylinder placed along a gap fit into
a hole in a steel plate and welded there (SLS = 5.238)]

Knaccupuxkanus pedaexco no ¢popme

OmKpvimoele u 3aMKHymble Gueypbl, oepanuienHvle MOHKUMU TUHUAMU — 0003HAYAIOT
001acTé 00BEMHBIX CTPYKTYPHBIX HEOTHOPOJHOCTEH, MMEIOIINX BU (GUTYD MPaBUIBHOMN WITH
HeNpaBWJIbHOM  (QopMbl.  3aMKHYTble  (UIypbl, KaKk  NpPaBWIO,  OrPAaHUYEHBI
M30IO0TEHLUAIbHBIMYU JINHUSAMHU.

Konyenmpuueckue wecmuyzonvbhvie pegnekcbt — MHUKPO-00JIaCTH, C MONEPEYHBIMU
pa3MepaMu nopsiaka 1 MM WM MeHee, XapaKTepU3yIolie Haluuue BHYTPEHHUX OCTaTOUHBIX
HanpshkeHUH B 00bekTe KOHTpourst. HabmogaroTest Ha 0JHOM, THOO HECKOJIBKUX CJIETYIOIINX

JIPYT 3a IPYTOM YPOBHSX (PUKCAIIIH.
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Konyenmpuuecxue dueypor nenpasunvroii ¢popmvl — HaOMOJAIOTCA HAa OJHOM WIH
CIeNYIOUIMX OPYT 3a APYTOM YpPOBHSX (PHKCAIMH, XapaKTEPHU3yIOT 00pa3oBaHHbIE B 00bEME
oOpaslla OAMHOYHBIE WIM TPYNNOBBIE O0OJACTH CTPYKTYPHBIX HEOJHOPOJHOCTEH,
U3JTy4arolye BOJIHbI YIPYTUX HaNpsKEHUN ONpeeIeHHON aMIUTUTYAbl U IJIUHBI BOJIHBIL.

Ilonocosass cmpykmypa — OOBIUHO HAOMIOJAeTCAd IPU PACTHKEHUU WIH CXKATHU
MeTaula. Buaumeli Ha IOTEHIMOIpPaMME HAKJIOH LIBETOBOM IIOJIOCHI OTHOCHUTEIBHO
TOPU30HTAJIBHON WM BEPTUKAJIBHONW OCH XapaKTepU3yeT COOTHOLIEHHE MEXAY BEeIWYMHAMM
HOPMAaJIbHBIX M KacaTeJIbHbIX HaINPSKEHUH.

Aueucmas cmpykmypa — OorpaHHYEHHBIE O0NACTH, Haxojslecs B oObeme oOpasia,
pedIIeKCh 0T KOTOPHIX, IO opMe HATOMHHAIOT COTHI.

Hamu yctaHoBiIeH MHTepBasl 3HAUEHUH ypOBHEW (UMKCAIMM JJiS BBISABIECHUS YNPYToH,
MHUKPOIUIACTUYECKOW U IUIaCTUYECKOM nedopmanuu B MeTajulax, COOTBETCTBYIOIIUI
SLS=2,523-3,523. 3HaueHus ypoBHS (QUKcAlMU, HAa KOTOPOM ObUIM 3a(UKCHPOBAHBI
3apOJIbIIIN MUKPOCKOIIMYECKUX TPEIIMH B CTAJsX, JexaT B uuteppaie SLS=4-5 [8-10]. Ilpu
paboTe B 30HaX M Ha y4acTKaX KOHTpOJS, TJIe BEPOATHO oOpa3oBaHHWE MHKPOCKOMUYECKUX
TpemH oco00oe BHHMAaHHE CJeIyeT oOpamaTh Ha pediaekchl, COOTBETCTBYIOIINE YPOBHIO
¢bukcauuu SLS=4,854.

Jns xaxnoro ypoBHS (UKCAallUM Ha MPEICTaBICHHBIX PUCYHKaX IIOKa3aHbl TpU
HOTEHLHMOTPAMMBl, COOTBETCTBYIOIIME TpeM OTAelbHbIM Yyyactkam CC (mis nayru
TpyOomnpoBoia JUIMHOW, mpumepHo paBHOU 27/3): 0-200; 200-400 u 400-600 orcueToB.
AHanu3 pe3yNbTaTOB HAUYMHAETCS C MPOXOXKICHHUS BCEX YPOBHEW (QUKcaIMU: OT CaMOro
HU3KOTO 3HaueHus SLS=1 u 10 Hambosee BHICOKOTO 3HaUYeHUS SLS=6 ¢ BHIOpaHHBIM IIArOM
¢uKcanyy, YTO MO3BOJSET OMPENEIUTh HAIMYMUE CTPYKTYPHBIX HEOJHOPOJHOCTEH U HX
o0veMHOe pacnpezneneHue. Ilo pe3ynbraM BBIOJHEHHOTO aHalW3a BBIHOCUTCS OILIEHKa
KauecTBa CBAPHOI'0 COEJUHEHMS], & TAKKE COOTBETCTBUE COCTOSHUS METallJIa yCTAHOBJIEHHBIM
TpeOOBaHUSAM U HOpMaM.

Ha pucynke 3 moka3aHo pacrpefesieHHe CTPYKTYPHBIX HEOJHOPOJHOCTEH IO JUIMHE
CBApHOTO COEIMHEHUS, KOTOpOE TMPHUOIMKEHHO MOKHO CYHMTAaTh paBHOMEpHbIM. B
COOTBETCTBUU C NpPHBENCHHOW Kiaccudukanue, Ha MOTEHIMOTpaMMax MPUCYTCTBYIOT
KOHI[EHTpUYECKHE  pe(daexchl  MpaBUIBHOW  IIECTUYTONbHOW  (GOpMBI, a  TaKke
KOHIIEHTpHUYECKHe pedaeKchl HEPaBUIbHON (POPMBI.
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Pucynok 3 — ®@parmenTt norennuorpammsl 1 CC_1, SLS=1. KoopanHaTHas 0Ch X — YUCIIO OTCUETOB;
0Ch y — HOMepa N3MepUTENbHBIX Nopokek [Fragment of the potentiogram for CC 1, SLS = 1. The x-axis is the
number of samples; y-axis — numbers of measuring tracks]

C yBenuueHueM ypoBHs (PUKcAallMM MPOUCXOJUT pasfjelieHue (U mepepacrnpeieseHue)
HEOJHOPOJHOCTEH MO YCIOBHBIM T'OPU30HTAJbHBIM HANpPaBICHUSAM, MapajjielIbHbIM
npoaosnbHoit ocu CC. B yacTHOCTH, 1O OCH Y MOXKHO YBHJETh (POPMHUPOBAHUE HECKOJIBKUX
TaKUX HampasiieHui. Peduiekcol, nospistomuecs Ha ypoBHe SLS=2 COOTBETCTBYIOT BBICOKMM
3HAUEHUSAM PA3HOCTH KOHTAKTHBIX NoTeHuuanoB. Ha pucynke 5 B yBenuueHHOM MaciuTtabe
st SLS=2 (MakcuManbHOE YHCIO OTCYETOB paBHO S50-TH) MOXKHO YBUACTH DPEQIICKCHI
(IIecTUyroJibHble (PUTYpBI) C BBICOKUM TIPAJHMEHTOM Pa3HOCTH AJIEKTPUUECKOIO MOTEHIIHAJA.
Takoli peekc cBUAETEIBCTBYET O HAJTMUUH JIOKAJIBHOIO 00bEMa C OTHOCUTENIBHO BBICOKMMHU
BHYTPEHHUMU HAPSDKEHUSMHU.
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Ha pucynke 46 (m1sa SLS=3) Ha noTeHUMOrpaMMax HPHUCYTCTBYET OoJiblLIOE
KOJINYECTBO TOHKUX NMPSAMBIX U JJOMAHBIX JIMHUHM B MONEPEYHOM HalpaBICHUHU, OTHOCUTEIBHO
OPOAOJIBHOM OCHM 1Ba, KOTOpble (GOPMHUPYIOT (UIYypbl HENpaBHIBHOW  (HOPMBL
C yBenunuenueM ypoBHs pukcanuu (10 SLS=4) npouCXOAUT «PACKPBITHE» WIH «YILIUPEHUE
TOHKUX JUHUI, KOTOpblE NMPUHUMAIOT BHUJA OTIEIBHBIX NIATEH U moJsioc (puc. 46 u 6 a).
BenenctBue 007bIIOrO  KOJMYECTBA TAaKUX ISITEH B TOPU3OHTAJIBHOM HAaIlpaBICHUU
IPOUCXOTUT UX OOBEIMHEHUE U CIUSHUE B IIUPOKYIO [TOJIOCOBYIO CTPYKTYDPY.

Takum o00pa3oM, MOCTENEHHO HauyMHAeT (hopMUpoOBaThCS HauboJee NPOTKEHHBINH
pediekc cTpyKTypHOH HEOJAHOPOJHOCTH CBAPHOIO COEIMHEHMsI, KOTOPBIA MPOXOIUT BAOJb
€ro ocH, Mo cepelMHe MOTEeHIIMOrpaMMBbI, OT Havajia U 10 ee KoHIa. PopMUpYyIOTCs U ApyTrue
pedaeKkchl, COOTBETCTBYIOIIME IPYTUM HEOJHOPOJHOCTAM. JTH HEOJHOPOAHOCTH H3Iy4daroT
yOpYrue BOJHBI B OTHOCUTEJIBHO Y3KOM JUana3oHE aMIUIUTY[, IIOCKOJIbKY YK€ Ha
cienymoomnieM ypoBHe ¢ukcanuu, npu SLS=5 u SLS=6, Ha moTeHIIMOTpaMMax MPUCYTCTBYIOT
TOJILKO OTJEIbHbIE, OIMHOYHBIE HEOJHOPOTHOCTH (pHC. 4 2 1 4 0).

2)
Pucynok 4 — ®parmenTs! noternuorpamm mist CC_1: a) SLS=2; 6) SLS=3; ¢) SLS=4; 2) SLS=5
[Fragments of potentiograms for CC_1: a) SLS =2; b) SLS = 3; ¢) SLS =4; d) SLS = 5]
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0)
Pucynok 4 (npopomxenne) — @parments! notenmuorpamm aist CC_1: 0) SLS=6
[Fragments of potentiograms for CC_1: ¢) SLS = 6]

Ha pucynke 5 mokazana Tpanchopmanus pediaekcoB MPSIMOJIMHEHHBIX M JIOMaHBIX
JIMHUHN TIPU TIEPEX0/ie C OJJHOTro YpoBHs SLS Ha Ipyroi.

4

)

Pucynok 5 — Tpancdopmarus muHeHOTO pediekca Mpy yBEINYEHUH 9yBCTBUTEILHOCTH C YpOBHS SLS=3
(BepxHuit) no ypoBHs SLS=4 (amxuwuii) [Transformation of the linear reflex with increasing sensitivity from the
level SLS = 3 (upper) to the level SLS =4 (lower)]

CBapnoe coequnenue CC 2

Ha pucynke 6 mokazaHO pacmlpelesieHne CTPYKTYPHBIX HEOJHOPOJIHOCTEH MO JTHHE
cBapHoro coeauHeHust CC 2. CpaBuuas noteHuuorpammsl CC 1 u CC 2 mus SLS=2 B
OJIHOM MacimTabe, MOXXHO YBHUAETb pas3yindusi, OOYyCIOBIEHHbIE DPa3HbIMU MaTepHalaMU
CBapHBIX coeauHeHui. Hanpumep, KoHLleHTpUUeckue mectuyroiabibie pediexcsl st CC 2
B IIONEPEYHOM HAIpaBICHUU OOJee BBHITAHYTHl, UYTO CBUACTEIBCTBYET O OOJBIINX
JNEWCTBYIONINX KacaTeIbHBIX HANPSDKEHUAX (CM. puC. 4 @ M 6 6) AHATOTHYHBIA BBIBOJI MOYKHO
cIenaTh U3 CpaBHEHH MMOTSHIIMOTpaMM Ha ypoBHe SLS=3 (cMm. puc. 4 6 u 6 g).
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Pucynok 6 — ®parments norenuuorpamm aiusi CC_2: a) SLS=1; 6) SLS=2; ¢) SLS§=3; 2) SLS=4; 0) SLS=5
[Fragments potentiograms for CC_2: a) SLS = 1; b) SLS=2; ¢) SLS =3; d) SLS =4; ¢) SLS = 5]
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Pucynok 6 (npopomxenue) — @parments! notenuorpamm st CC_2: e) SLS=6; orc) SLS= of 7
[Fragments potentiograms for CC_2: f) SLS = 6; g) SLS =7]

Oco0eHHO 3aMeTHBI pa3Nuyus NpPU CPaBHEHWH MATEPUATIOB CBAPHBIX COCIMHEHUH,
MpeCTaBlIeHHbIE HA PUCYHKAX 4 2 U 6 0 1 ypoBHs SLS=5. Eciu Ha moTeHIIMOTpaMMax s
CC_1 Ha naHHOM YpOBHE (PUKCALIMU BUIHBI JIUIIb OT/EIBHBIC OJMHOYHBIE KOHIIEHTPUYIECKHE
IeCTUYTOJIbHBIE pedIeKChl, TO B ApyroM ciydae, st CC_2, Mbl BUIUM MOAPOOHYIO KApTHHY
CTPYKTYpHBIX HEOJHOPOAHOCTEH Ha TINIyOMHE 3ajieraHusi, IPUMEPHO COOTBETCTBYIOLICH
BHYTPEHHEW MOBEPXHOCTH CBAPHOT'O COEIUHEHUS, U, BEPOSITHO, CBSI3aHHYIO C MPOTEKAIOIIUM
MPOIECCOM KOPPO3HMU MeTajuia win aedekToM, oOpa3oBaHHOM IpH cBapke. MHpopManuio o
MIOXO0XUX CTPYKTYpHbIX noBpexaeHusax CC 1 MOXHO Takke IOJY4YUTh U3 pUCYHKA 4 6 HA
SLS=4 unu npyrux 0oJiee BBICOKHX YPOBHSX (DUKCAIHH.

Pe3ynpTataMu npoBeEHHOTO MCCIIEIOBaHUS MOATBEPXKAAETCS, YTO OCHOBHOM METaJI
000MX CBapHBIX COCIMHEHWH HAXOAMWTCS B IIACTHYECKH J1e(OPMHUPOBAHHOM COCTOSHHH.
JlanHO€ cocTosiHME BO3HUKAET MPU CBapKe B pe3yJbTaTe MHTEHCHBHOI'O MECTHOTO pa3orpeBa
CBapHOro coenuvHeHUs. B 93TOM ciyyae BO3MOXHOCTH CBOOOJHOTO YUIMHEHUS €ro
UCKJIIOYAeTCsl M3-3a JKECTKOr0 3aKpeIUIeHHs CBAapUBAaEeMBIX TpPyO C MPOTHUBOIOIOKHBIX
KOHIIOB. [losTOMy B CBapHOM COEIMHEHUU BO3HUKAIOT CKHUMAIOLIMEe BHYTPEHHUE
HaIpsDKEHMs], 10 BEJIMYMHE PaBHbIE WM IPEBBIMIAIONIME Mpeaen Tekydectu. B pesynbrare
9ero B HarpeToi 30He MPOUCXOANT IIACTHYECKas edopManus MeTasuia.

JlaHHBI W3BECTHBIM (AaKT TOATBEPIKIACTCS HAIIUMHU pe3yJbTaTaMu, KOTOPbBIE
IOKa3aHbl Ha pucyHke 7. Ha Hem mpenacraBieHbl MOTEHLMOIPaMMBbI s ABYX CBapHBIX
coequHenuit CC 1 u CC 2, a Taxxke NOTEHIMOTpamma isg oOpasmna u3 ctanu DU-847,
HaxoJIALIETr0oCs B YCIOBHUSAX PacTsDKEHUS Ha pa3pbIBHOM MamnHe. Bee pe3ynbTaThl IpUBEACHbI
JUTsl BRIOpaHHOTO 3HaueHust ypoBHs pukcanuu SLS=3,523. [ToreHnuorpamma ajist oopasia u3
cranmu DOU-847 Obuta mocTpoeHa B MpOIlecCe IUIACTUYECKOrO TEUEHUsI MaTepualia, Korja
HeoOpatumas nedopmanus oOpasia cocrasisiia S5 %.
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Pucynok 7 — CpaBuenne noreHuuorpamm, noctpoeHssix it CC 1 u CC 2, a Takske 1y1st o0pasna u3 cranu
OU-847, nedhopMHUPOBAHHOTO IIPH PACTSHKEHHUN (PE3yJIbTaThl IPUBECHBI sl 3HAUCHHST YPOBHS (DHKCAITH
SLS=3,523) [Comparison of potentiograms constructed for CC_1 and CC_2 as well as for a specimen made of
steel EI-847, deformed under tension (the results are given for the value of the fixation level SLS = 3.523)]

Kpyramu  BbII€JICHBI ~ TPOW3BOJIILHO  BBIOpaHHBIE ~ 00JAacCTH  IUIACTHYECKHU
nedopmupoBanHOro Meramia. Ha atom (oHe pediiekcel Ipyroro meeTa npeacTaBisioT coOO0n
JIOKANbHBIE YYAaCTKU YIPYTro OehOPMUPOBAHHOTO COCTOSHUS (CHHETO IBETa), OTIACIbHBIE
BKIIFOYEHHS, @ TaKXKe 30HBI C 0oiee BBICOKOH, YeM B BBIICICHHON OOJIACTH, CTETICHBIO
nedopManuu (KEITOro U KPaCHOTO I[BETA).

CPABHEHHUE PE3VJIbTATOB UCCJIEJOBAHUA, HOJIYHEHHBIX
METOAAMMU CKII U MAI'HUTHOU AHU3OTPOIIMNA

[Tocne mnpoBeNEHHOrO HCCIEAOBaHMS CBapHbIE COEAMHEHMS] TEXHOJIOTHYECKOTO
TpyOonpoBoa OBLTM MPOKOHTPOJMPOBAHBl METOJOM MarHuTHOW anm3orponuu (MMA) c
nomotsio npubopa Stressvision Expert [11, 12].

Ha pucynke 8 mnpezncraBneHbl pe3yibTaThl KoHTpoiass MMA, a Ha pucyHke 9 —
pesynbratel CKII, koTOpble Ha CleAyIOIMX PUCYHKAaX Kaue€CTBEHHO CPABHUBAIOTCS MEXIY
co00if 10 COBNAACHUIO N300paKEHUI CTPYKTYpPHBIX HapyIIEHUH U 10 00beMy MOJIYUYEHHOI
nH(pOpMaIH.

Pucynok 8 — Kapra PTMH (pa3Huiibl ri1aBHBIX MEXaHUYECKUX HanpshkeHuid) ceapHoro coenunenus CC 1 [Map
of differences in main mechanical stresses of the welded joint SS_1]
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Pucynok 9 — [ToTeHorpaMmma Toro k€ CBapHOTO COeANHEHNs Ha ypoBHE ¢ukcannu SLS=3,959 [Potentiogram
of the same welded joint at the clamping level SLS =3.959]

Ha pucynke 10 moka3aHbsl pe3ynbTaThl, IOTYYEHHbIE METOJaMH MArHUTHON
anunzotrponuu MA (BepxHuii pucyHok) u MmetogoM CKIT (HMKHUN pUCYHOK).

Iul .|r|?l"'

Pucynok 10 — CpaBHeHHe pe3yJIbTaTOB, NOJTYy4EHHBIX MeTogamu MA (mpubop Stressvision, BEpXHUIN PUCYHOK) U
merooM CKII (HrmkHMI pUCYHOK), BBIICNICHBI CTPYKTYpPHbBIE HAPYIICHHS B 00JIACTH KOPHSI CBAPHOTO
coenunenust [Comparison of the results obtained by the methods of magnetic anisotropy (Stressvision device,
upper figure) and the method of scanning contact potentiometry (lower figure), structural defects in the region of
the root of the welded joint are highlighted]

Ha npeacraBiaeHHBIX  pHUCyHKax BHJIHO  3aMETHOE  CXOACTBO  JIOKAJIM3ALUH
HeogHopoaHocTed. JlanHble MA, 1no3BOJMIM ONpENeNIUTh TOT aMIUIMTYIAHBIA HHTEpPBAJ
curHanoB s Mmetoga CKII u cooTBeTcTByrommii ypoBeHb (uUKcali, Ha KOTOPOM
oOHapyKeHbl CTPYKTypHble HapymeHuss merogoM MA. HaGmromaemoe COOTBETCTBUE
MO3BOJIAET YCTAHOBUTHb BAXHBbIE KOPPEJALMH, CBA3aHHBIE C BIWUSAHUEM HaIPSKEHHO-
N1e(OpPMUPOBAHHOIO COCTOSTHUSI MUKPOOOBEMOB CBaPHOI'O COEIMHEHUS HA €r0 IEKTPUUIECKUE
Y MarHUTHBIE CBOMCTBA.

W B TOM M Apyrom ciiydae BUJHBI CTPYKTypHbIE HEOJHOPOJHOCTH B 00JacTH KOPHS
CBAapHOTO COCTUHEHMS, BBIACICHHbIE HA pucyHke 20 B Oenble oBanbl. OOpamiaeT BHUMaHUE
0oJiee MHTEHCUBHBIN BHJI HEOJHOPOJHOCTEW ¢ mpaBoil cropoHsl pucyHka ans CKII (mpasbrit
OBaJl) U MEHee HMHTCHCHBHBIM BHUJ HEOJHOPOJHOCTEH C JIEBOH CTOPOHBI PHCYHKA, IIO
CpaBHEHUIO C pe3yapratamu MA.

Pednexcbl  CTpYKTypHBIX  HEOJHOPOJHOCTEHl  Ha  MOTEHIHMOTpAMME  HMMEIOT
MaKCUMaJbHYIO0 MPOTSHKEHHOCTh 5-6 MM, MHHMMalbHYI0 — MeHee | mMm. CpaBHeHue
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BEISIBJICHHBIX ~OOOWMH  METOAaMH HEOJHOPOJHOCTEH B  00JIacTH  Pa3feliKh  KOPHS
npeJicTaBieHbl Ha pucyHke 11.
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Pucynok 11 — CpaBHeHHE pe3yIbTaTOB, NOIY4YEHHBIX MeTogaMu MA (BepxHHi pucyHOK) 1 MeTogoM CKIT
(amxnuuit pucynok) mist CC 1, BeIieTIeHBI CTPYKTYPHBIE HapyIIeHUs B o0nacTu paszaenku kopHs [Comparison of
the results obtained by the methods of magnetic anisotropy (upper figure) and the method of scanning contact
potentiometry (lower figure) for CC_1, structural defects in the root preparation area are highlighted]

31ech TaKKe Kak M B IPEIBbIAYIIEM Clydae BUAHBI 3aMETHBIE CXOJCTBA. Tak /st 000ux
METOJIOB, B BEPXHEH YacTH PUCYHKOB, BBIIEICHHBIX OCIBIMH OBaJlaMH, HEOJIHOPOJHOCTEH
3HAYUTEIHHO MEHBIIIE, YeM B HIDKHEH YacTH PHCYHKA, BBIICJICHHBIX TOYObIMU oBanamu. J{is
MMA 53TOT BBIBOJ CJEAyeT U3 LIBeTa BEpXHEW KPOMKH PUCYHKA, OKpalleHHOW B OJenHo-
cepble TOHA, W I[BeTa HW)XHEH KPOMKHU, OKpAlIEHHOW B CBETI0-roay0boi ToH. Jlns meTtona
CKII aTOT BBIBOJ TaKkk€ OYEBMJIEH, ITOCKOJIBKY B BEPXHEH YacTH MOTEHLIMOIPAMMBI YUCIIO
pedexcoB 3aMETHO MEHbIE, YeM B HUXKHEH yactu pucyHka. [lomumo 3toro, pediexcsl eme
1 paznuyaroTcs mo cBoer popme. Ha yposue duxcamuu SLS=3,959 pedrnexch uMeOT BU,
MpeACTaBIECHHBIN Ha pucyHKe 12 B yBeIMUYEHHOM MaciuTade.
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Pucynok 12 — YBennueHHOe H300paKeHUE CTPYKTYPHBIX HEOJTHOPOJHOCTEH Ha IIOTSHIOTPAMMeE B 00JIaCTH
KOpHS ¥ B 0051acTH pazzenky KopHs. [Tokasan ¢pparmMeHT noteHuorpaMmel B uHTepBaiie orcueros 200...400
[Enlarged image of structural irregularities in the potentiogram in the root area and in the root preparation area.
A fragment of a potentiogram in the sampling interval 200 ... 400 is shown]
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Xopomo BUAHBI MHKPOCKONMYECKHE OOJAaCTH HaIpsHKEHHO-Ae(HOPMHPOBAHHOTO
COCTOSIHUS B OOJIaCTH KOpPHS CBAapHOro coeAuHeHus. llpuyem, Kak cieqyeT U3 pUCYHKOB
10-12, yka3aHHble HapylIeHMs  3aHMMAIOT  IPaByHd  4YacTh  MOTCHLUOTPAMMBI,
COOTBETCTBYIOIYIO HIDKHEH U JIEBOM YacTH KOPHS CBAPHOT'O COEJMHEHHS, KaK MOKa3aHO B
Ce4eHHH TpyObl Ha pucyHke 13.

Ha4aJji0 KoopaIHHAT
HeoanopoaHocTH B KopHe CC

yd

HanpaeleHHe H3MepeHHH

Pucynok 13 — Pacnipenenenue HeonHopoaHocTel B kopHe CC mo pesynbTatam obonx meronoB HK B ceuennu
NepreHAnKYJIsipHOM ocH TpybornpoBoaa [Distribution of inhomogeneities in the CC root according to the results
of both methods in a section perpendicular to the pipeline axis]

C nomompl0 MeToAa JABOWHOM aMIUIMTYAHOW TUCKPUMHUHALMM CUTHAJIOB KOHTPOJIS
BBIJIEJICHO SIPO NMPOTSHKEHHOW CTPYKTYPHOM HEOJHOPOJHOCTH B 00JacTH KOPHS CBApHOTO
coeauHenus (puc. 14).

T
400

Pucynok 14 — Beienenune jJ0KanbHbIX o0s1acTeld HanpsKeHHO-1e(OpMIUPOBAHHOTO COCTOSHUS B 00IaCTH KOPHSA
cBapHoro coequaeHus [Identification of local areas of the stress-strain state in the region of the root of the
welded joint]

Bunnel otTaenbHble JIOKaJdbHBIE MHKPO-00JacTH HaNpsHKEHHO-Ie(hOPMUPOBAHHOTO
COCTOSIHMSI C 4YETKO BBIPOKCHHBIMH BHYTPEHHHMH HAIPSHKEHUSIMH, HaNpaBJICHHBIMH
MEePIEHIUKYISIPHO OCH CBAPHOTO COCTUHEHUS.

CpaBHeHHE JTOKATU30BAHHBIX HEOJHOPOJHOCTEH I BTOPOTO CBAPHOTO COCAMHEHUS
CC_2 npencraBieHbl Ha pucyHke 15.
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Pucynok 15 — CpaBHeHHE pe3yIbTaTOB, MOTYYCHHBIX METOJAMHA MarHUTHON aHU30TPOINH (HHXHUNA PUCYHOK) U
METOJIOM CKaHUPYIOLIell KOHTAKTHOM MOTeHIHOMeTpuH (BepxHuil prucyHok, SLS=5,523) nus CC 2
[Comparison of the results obtained by the methods of magnetic anisotropy (lower figure) and the method of
scanning contact potentiometry (upper figure, SLS = 5.523) for CC 2]

B Tabnune 5 mnpuBOAsATCS CpaBHUTEIbHBIE XapaKTEPUCTHUKU Mpubdopa Stressvision
Expert, B3stele ¢ odunuanbHOro caiita paspabotumka, u npubopa Spectroelph,
W3rOTOBJIEHHOTO B J1abopartopuu ElphysLAB HUAY MU OU.

Tabmuma 5 — TexHW4Yeckne XapaKTEPUCTHKH MarHMUTOAHM30TPOIHOTO CKaHepa-nedekrockona Stressvision
Expert V.2.013 u snektpodusmueckoro ckanepa moBepxaoctu Spectroelph-2M [Technical characteristics of the
Stressvision Expert V.2.013 magnetoanisotropic flaw detector and Spectroelph-2M electrophysical surface
scanner]

XapaKTepUCTHKH 3HaveHns
Stressvision Expert Spectroelph-2M
MunnManbHas IUIOIaAb CKAHUPOBAHUS, MM 30x30 5x5
Yucino y3/10B CKaHUPOBAHHUSA, MUH.-MAaKC., IIT 25-93278 HE OIPAHUYEHO
MaxkcumanbHOE YHCIIO 30H CKAHUPOBAHUS, T 3700 HE OrpaHUYEHO
Pabouwnii TemneparypHblii 1uanason, °C ot -10 go +55 ot -10 mo +55
W3Bneuenne naGopManuy Mpou3BOAUTCS 1-20 1-70
IIOCIIONHO HIDKE YPOBHS HaKJema ¢ TIIyOuH, MM
3a4yncTKa MOBEPXHOCTH 00BHEKTa KOHTPOJIIS He TpeOyercst Tpedyercs
Bpewms u3mepenuit B 0JJHOM TOUKe, CEK 1 1
ITo3unmonnpoBaHue faT4nKa IUIOCKHE U IUIOCKHE U
KpUBOJIMHEHHBIE KPUBOJIMHEHHBIC
MIOBEPXHOCTH MIOBEPXHOCTH
KauecTBeHHas oLieHKa pe3yIbTaTOB H3MEPEHHIH, o3 o5
MUH
OnacHoe nu3iy4eHue OTCYTCTBYET OTCYTCTBYET
Konrposns B A3 HE BO3MOXCH BO3MOKEH
Kontponmpyemsie MaTeprais MarHUTHBIE METAJUTBl 1 J00bIe METaJUTBI, CIUIABHI,
CIIJIaBbI (ha3bl BHEAPEHUS U T.II.
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3akiIoueHue

1. Brnepsoie corpyaaukamu HUAY MUOU, BUTU HUAY MU®DU u cotpyaHukamu
OoT/eNla TEXHMYECKOM JUarHocTUKM POCTOBCKOW aTOMHOM CTaHUMM OpraHU30BaHBbI,
NOATOTOBJIEHBl U MPOBEIEHBI HCIBITAHUS HOBOTO METOJAa HEpa3pyIIAILIEro KOHTPOJIS —
METO/Ia CKaHUPYIOUIEH KOHTAaKTHOW MOTCHIIMOMETPUHM HA JEUCTBYIOIIEM TEXHOJIOTHYECKOM
obopynoBanuu ADC.

2. OOBEKTOM HCCIEIOBAHUS SBJSUINCH CBapHbIE COCAMHEHUS TEXHOJOTUYECKOTO
TpyOOIpOBOIa, HAXOIAITMECS B MaMHHOM 3aje (M3-1) TO-1.

3. Pe3ynbraThl MpPOBEIEHHOI'O HCCIEJOBAHMS TOKAa3ald BBICOKYIO A(PPEKTUBHOCTD
meroga CKII kak HWHCTpyMEHTa JOMOJHHUTEIBHOTO KOHTpoJisi obOopymoBanus ADC u
HEOOXOUMOCTh JAIBHEHIINX Pa3pad0TOK M BHEIPEHHS COOTBETCTBYIOIIMX M3MEPHUTEIBHBIX
METO/IMK, anmnapaTypsl B LEJISIX UX MUPOKOTO MPAKTUIECKOTO TPUMEHEHHUS.

4. Ilosry4yeHHBIMH JAHHBIMH IOJTBEPKIAETCS, YTO OCHOBHOM METaJT MCCIIEAOBAaHHBIX
CBapHBIX COCJIMHEHUN HAXOTUTCS B TUIACTHYECKH AePOopMUpOBAHHOM cocTosHuU. [lo ocu
capHoro coeauHeHuss CC 1 Ha BHyTpeHHEN MOBEPXHOCTH, HA JIyre AJUHON MPUMEPHO B
T-pajniad, 00HAPYKEHBI MPOTSHKEHHBIE CTPYKTYPHBIE HEOHOPOHOCTH.

5. HaGmronmaemple COOTBETCTBHS PE3yJIbTATOB METOJA CKAHUPYIOMIEH KOHTAKTHOM
MOTCHITMOMETPUH U MAarHUTHOW aHU3O0TPOIHMH MO3BOJSIOT YCTAHOBUTH BaKHBIE (DU3HUECKUE
KOPpEeTSIUK, CBSI3aHHbIE C BIUSHUEM HANPSHKECHHO-AEPOPMUPOBAHHOTO  COCTOSHUS

MI/IKpOOG’beMOB CBApPHOI'o COCAMHCHUA Ha €TI0 SJICKTPHUUYCCKHUEC U MaIrHUTHBIC CBOIiCTBA.
BaarogapHoctn

Pabota moanepxana Poccuiickum GoHIOM (yHIaMEHTAIBHBIX HUCCIEAOBAHUM U BBIJAEICHHBIM I'DaHTOM
o porosopy Nel19-08-00266/20 ot 10.01.2019.
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Abstract — The electrophysical system of non-destructive testing is tested on the NPP operating
process equipment. The welded joints of the process pipeline located in the turbine hall are
selected as the object of control. The results of the study confirm that the base metal of the welded
joints is in a plastically deformed state. A comparison of the results of testing welded joints by
scanning contact potentiometry and magnetic anisotropy methods is presented.

Keywords: scanning contact potentiometry method, non-destructive testing of welded joints,
magnetic anisotropy method.
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